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Version with markings to show changes made: 

4-: — An apparatus for insp e cting a waf e r or a r e ticl e , comprising: 

a) — m e ans for e xposing said waf e r or said r e ticle to an influx of photons, said 

photons having an e n e rgy s e lected to caus e photo e l e ctrons to l e av e said waf e r 
or said r e ticl e , 

b) — electron optics for focusing said photo e l e ctrons in th e plan e of a d e t e ction 

m e ans, and 

e) — m e ans for d e t e cting said photo e l e ctrons, th e r e by imaging a portion of said waf e r 
or said r e ticl e . 

2r. — Th e apparatus of Claim 1, wh e r e in said m e ans for e xposing said substrat e to an 
influx of photons is a las e r. 

^ — Th e apparatus of Claim 1, wh e r e in said m e ans for e xposing substrat e to an influx of 
photons is an arc lamp. 

4~. — Th e apparatus of Claim 1, wh e r e in said m e ans for det e cting said photo e l e ctrons is a 
charg e coupled d e vic e . 

— Th e apparatus of Claim 1, wh e r e in said m e ans for d e t e cting said photo e lectrons is a 
TDI s e nsor. 

— Th e apparatus of Claim 1, furth e r comprising a m e ans for conv e rting said 
photoel e ctrons to photons. 

— The apparatus of Claim 1, wh e rein said moans for conv e rting said photo e lectrons to 
photons is a scintillating mat e rial. 

& — Th e apparatus of Claim 1, wh e r e in said m e ans for conv e rting said photo e lectrons to 
photons is a phosphor e scent mat e rial. 

9. A method of imaging a wafer or a reticle to find defects, comprising: 

a) exposing said wafer or said reticle to an influx of photons, said photons having 
an energy selected to cause photoelectrons to leave the surface of said wafer or 
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b) focusing said photoelectrons to create an image of said wafer or said reticle in 
the plane of a detector, and 

c) detecting said photoelectrons, thereby imaging a portion of said wafer or said 
reticle. 

10. The method of Claim 9, further comprising: 

d) processing the image to detect defects or to classify defects. 

11. The method of Claim 1 0, wherein 

a) said wafer or reticle comprises at least two materials, and 

b) said photons have an energy selected to increase the difference in photoelectron 
yield between at least two of said materials. 

H 12. The method of Claim 10, wherein said influx of photons is oriented at a 90 degree 

angle to the substrate. 

13. The method of Claim 10, wherein said influx of photons is oriented at an angle of 
less than 90 degrees to the substrate. 

14. The method of Claim 10, wherein said influx of photons is vertically polarized. 

15. The method of Claim 10 wherein said influx of photons is horizontally polarized. 

1 6 . An apparatus for imaging a substrate, comprising: 

a) means for exposing aaid subst rain t o an influx o f p h uluiiu, .a id p hn t nn r h avin g 
an e nergy selected to cause photoele ct rons to leave oaid oubotrate, 

b) moans for e xposing said substrate to an influx of electrons, oaid electrons 
h a ving b ot h an en e rgy nnrl n ew r eat density p i u filc selected t o maintain surfa c e 
c harge present on said substrate at a predetermined level, 

c) imaging electron optics for focusing said photoelectrons in the piano of a 
detector, and 

d) mean: for d c t c r ting said pheteeteefreas; thereby imaging a portion of sa id 
s ubstrat e . 

17. The apparatus o f Claim 16, wher e in said means f oi ex posing sa id substrate to an 
influx of photons is a laser. 
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1 8 . Tim apparatus of C laim 16, wherein .aid moano for ex pesag substr ntn to an influx of 
p hotons io an arc lamp. 

19. Tho apparatuo of Claim 16, wherein said moans for detecting oaid photo electrons is n 
c harge couplod device. 

20. Th o apparatus of Cla i m 16, wherein said moans for detecting said photooloctrons is n 
TDI s e nsor : 

21. Tho apparatus of Claim 16, further comprising a moans for converting said 
p hotooloctrons to photons. 

22. Tho apparatus of Claim 21, wherein said moans for converting said photooloctrons t o 
photons is a scintillator. - 

23. Th e a pp an tii " o f f l nim ?1, whege i fl said means for oonvorting said photooloctrons t o 
p hotons is a phosphorescent material. 

y 2 4 . Tho apparatus of Claim 16, further comprising: 

a) moans for selecting most or all of said photooloctrons, or a portion of said 
p hotoclcctrons, and rejecting most o r all of said eie etee as l e flcctcd from said 
substrat e . 

25. Tho apparatus of Claim 24, wherein said means for solocting most or all of said 
p hotooloctrons, oi a portion of s a id photo electrons, and rejecting most or all of said 
reflected electrons is a filter which selects said photooloctrons and rejects said 
reflected electrons based on tho angular distributi o n of said photooloctrons and 
rofloctod electrons. 

2 C. Th e appanhn o f f l n i m ?\ wherek said filtnr inrhidop a blocking moans containing 
a shapod aperture. 

27. Tho apparatus of Claim 16, further comprising: 
a) moans for detecting electrons rofloctod from tho surfaco of said substrate, 

thoroby imaging a portion of said substrate. 

2 8 . The apparatus of Claim 27, wherein .aid means for d ete cting said reflected electrons 
is a charge couplod dovice. 
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29. The apparatus of Claim 27, wherein said means for detecting Mid reflected ele ctrons 
is a TDI sonoor. 

30. The apparatus of Claim 27, further comprising a moans fo i co nverting said rea ct e d 
oloctrons to photons. 

31. The apparatus of Claim 30, wherein said moans for c on verting said refla t e d 
oloctrons to photons is a scintillator. 

32. Tho apparatus of Claim 30, wherein said moans for con verting said reflecte d 
electrons to photons is a phosphorescent materi al, 

33. Tho apparatus of Claim 27, further comprising: 

a) means for oclocting said moot or all of electrons roflc Uc d from the oubot rnto, or 
a portion of said roflocted oloctrons, and reject i ng most or all of s aid 
photo oloctrons. 

34. Tho apparatus of Claim 33, wherein said means for selec ti ng moot or all of s aid 
ic flu Lte d electrons, or a portion of said roflocted electrons, and re j ecting most o r nil 
e £sak* photooloctrono io a filter which solecto said rofloct e d electrons and reje cts 
s a id photoolcctrono base d on tho angular distribution of said reflected electron o nd 
photoolootrons. 

2 5. The appara t us o f Qakn 3 \ wnegetfl said filter includes a blocking means containing 
a shaped aperture. 

36. A method of imaging a substrate, comprising: 

a) exposing said substrate to an influx of photons, said photons having an energy 
selected to cause photoelectrons to leave said substrate, 

b) exposing said substrate to an influx of electrons, said electrons having both an 
energy and a current density profile selected to maintain surface charge present 
on said substrate at a predetermined level, 

c) focusing said photoelectrons to create an image of said substrate in the plane of 
a detector, and 
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37. The method of Claim 36, wherein 



a) said substrate comprises at least two materials, and 

b) said photons have an energy selected to increase the difference in photoelectron 
yield between at least two of said materials. 

38. The method of Claim 36, wherein said substrate is concurrently exposed to said 
influx of photons and said influx of electrons. 

39. The method of Claim 36, wherein said substrate is alternately exposed to said influx 
of photons and said influx of electrons. 

40. The method of Claim 36, wherein said substrate is exposed to said influx of photons 
over a first area, said substrate is exposed to said influx of electrons over a second 
area, and said first area is substantially contained within said second area. 

M, 41 . The method of Claim 36, further comprising the additional step interposed between 

2 step b) and step c): 

a) filtering the flux of photoelectrons and electrons reflected from the surface of 
said substrate in order to select said photoelectrons, or a portion of said 
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01 photoelectrons, and to reject most or all of said reflected electrons. 
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42. The method of Claim 37, wherein said filtering is achieved by selecting said 
photoelectrons based on their angular distribution from said surface of said substrate. 

43. The method of Claim 36, wherein 

a) said surface of said substrate comprises at least two materials, and 

b) said photons have an energy selected to increase the difference in photoelectron 
yield between at least two of said materials. 

44. The method of Claim 36, wherein said influx of photons is oriented at a 90 degree 
angle to the substrate. 

45. The method of Claim 36, wherein said influx of photons is oriented at an angle of 
less than 90 degrees to the substrate. 

46. The method of Claim 36, wherein said influx of photons is vertically polarized. 

47. The method of Claim 36 wherein said influx of photons is horizontally polarized. 



48. A method of imaging a substrate, comprising: 

a) exposing said substrate to an influx of photons, said photons having an energy 
selected to cause photoelectrons to leave said substrate, 

b) exposing said substrate to an influx of electrons, said electrons having both an 
energy and a current density profile selected to maintain surface charge present 
on said substrate at a predetermined level, 

c) focusing the portion of said influx of electrons which are reflected from said 
substrate to create an image of said substrate in the plane of a detector, and 

d) detecting the portion of said influx of electrons which are reflected from said 
substrate, thereby imaging a portion of said substrate. 

49. The method of Claim 48, wherein said substrate is concurrently exposed to said 
influx of photons and said influx of electrons. 

50. The method of Claim 48, wherein said substrate is alternately exposed to said influx 
of photons and said influx of electrons. 



: ^ 

SI 

gl 51. The method of Claim 48, wherein said substrate is exposed to said influx of photons 

Hi over a first area, said substrate is exposed to said influx of electrons over a second 



area, and said first area is substantially contained within said second area. 

52. The method of Claim 48, further comprising the following step, interposed between 
step b) and step c): 

a) filtering the flux of photoelectrons and electrons reflected from the surface of 
said substrate in order to select said reflected electrons, or a portion of said 
reflected electrons, and to reject most or all of said photoelectrons. 

53. The method of Claim 52, wherein said filtering is achieved by selecting said 
reflected electrons, or a portion of said reflected electrons, based on their angular 
distribution from the surface of said substrate. 

54. The method of Claim 53 wherein said filtering rejects most or all reflected electrons 
which are reflected at or near the specular angle and selects most or all reflected 
electrons which are scattered away from the specular angle. 
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A method of imaging a substrate, comprising: 



a) exposing said substrate to an influx of photons, said photons having an energy 
selected to cause photoelectrons to leave said substrate, 

b) exposing said substrate to an influx of electrons, said electrons having both an 
energy and a current density profile selected to maintain surface charge present 
on said substrate at a predetermined level, 

c) focusing the portion of said influx of electrons which are reflected from the 
surface of said substrate in the plane of a detector, 

d) focusing said photoelectrons in the plane of a detector, and 

e) detecting said photoelectrons and reflected electrons, thereby imaging a portion 
of said substrate. 

56. The method of Claim 55, further comprising: 

a) filtering said reflected electrons and said photoelectrons to reject most or all of 
said reflected electrons which are reflected at or near the specular angle and 
P most or all of said photoelectrons which are emitted perpendicular to the surface 

N| of the substrate, and to select most or all of said reflected electrons which are 

2 scattered away from the specular angle and/or most or all of said photoelectrons 

fy which are emitted at angles other than perpendicular to the surface of the 

? substrate. 
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57. A method of identifying the chemical composition of a defect on a wafer or a reticle, 
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a) exposing said defect to an influx of photons, said photons having an energy 
below the energy required to cause photoelectrons to leave said defect, 

b) increasing the energy of said photons in discrete steps, 

c) monitoring the photoelectron yield from said defect after each step, and 

d) identifying the chemical composition of said defect on the basis of the photon 
energy at which said photoelectron yield increases substantially. 

58. An apparatus for imaging a substrate, comprising: 

a) — moans for exposing said substrate to an influx of relatively high energy 

olnr.trnnn having an energy s e lected to cause 
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secondary electrons to leave said substrat e , 
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b) — moans for exposing said substrate to an influx of relatively low onorgy 

electrons, said low energy oloctrons having both an onorgy and a current density 
profilo soloctod to maintain surface ohargo present on said substrate at a 
predetermined l e vel, 

e) — moans for selecting most or all of said secondary electrons, or a portion of said 
secondary oloctrons, and rejecting most or all of said relatively low onorgy 
electrons reflected from said substrat e , and 
— moans for dotocting said secondary electrons, thereby imaging a portion of said 
substrat e . 

59. Tho apparatus of Claim 58, whoroin said moans for solooting said s e condary 
oloctrons and rojocting said reflected low energy oloctrons includes a filter which 
solocts most or all of said secondary oloctrons and rojoots most or all of said roflocted 
low onorgy oloctrons basod on tho angular distribution of said secondary oloctrons 
and said refl e cted low energy oloctrons. 

60. Tho apparatus of Claim 59, wh e rein said filter inoludos a blocking moans containing 
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61. A method of imaging a substrate, comprising: 

a) exposing said substrate to an influx of relatively high-energy electrons, said 
high-energy electrons having an energy selected to cause secondary electrons to 
jFj leave said substrate, 

H- b) exposing said substrate to an influx of relatively low-energy electrons, said 

electrons having both an energy and a current density profile selected to 
maintain surface charge present on said substrate at a predetermined level, 

c) filtering the flux of said secondary electrons and said low-energy electrons 
reflected from the surface of said substrate in order to select most or all of said 
secondary electrons, or a portion of said secondary electrons, and to reject most 
or all of said reflected electrons, 

d) focusing said secondary electrons to create an image of said substrate in the 
plane of a detector, and 

e) detecting said secondary electrons, thereby imaging a portion of said substrate. 



62. The method of Claim 61 , wherein said filtering is achieved by selecting said 
secondary electrons, or a portion of said secondary electrons, based on their angular 
distribution from the surface of said substrate. 

63. An apparatus for imaging a substrat e , comprising: 

a) — m e ans for e xposing said substrate to an influx of r e latively high e nergy 
e l e ctrons, said high en e rgy e l e ctrons having an en e rgy select e d to caus e 
s e condary e l e ctrons to l e ave said substrat e , 

b) — m e ans for e xposing said substrat e to an influx of r e latively low e n e rgy 
electrons, said low e n e rgy e l e ctrons having both an energy and a curr e nt d e nsity 
profil e s e l e ct e d to maintain surfac e charg e pr e s e nt on said substrat e at a 
pr e d e t e rmin e d l e v e l, 

e) — m e ans for sel e cting most or all of said low en e rgy electrons r e fl e ct e d from said 
substrat e , or a portion of said low e n e rgy e l e ctrons refl e ct e d from said substrat e , 
P and r e j e cting most or all of said secondary electrons, and 

v| d) — moans for dotocting said reflect e d low energy electrons, thereby imaging a 
portion of said substrat e . 
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6 4 . Th e apparatus of Claim 63, wh e r e in said means for s e l e cting said r e fl e ct e d low 
energy e l e ctrons and r e jecting said secondary e l e ctrons is a filt e r which s e l e cts said 
refl e ct e d low en e rgy e l e ctrons and r e jects said s e condary e l e ctrons bas e d on th e 
angular distribution of said r e fl e ct e d low e n e rgy e l e ctrons and said s e condary 
e l e ctron s . 

65. Th e apparatus of Claim 64, wherein said filter includes a blocking moans containing 
an ap e rtur e . 

66. A method of imaging a substrate, comprising: 

a) exposing said substrate to an influx of relatively high-energy electrons, said 
high-energy electrons having an energy selected to cause secondary electrons to 
leave said substrate, 

b) exposing said substrate to an influx of relatively low-energy electrons, said 
electrons having both an energy and a current density profile selected to 
maintain surface charge present on said substrate at a predetermined level, 



c) filtering the flux of said secondary electrons and said low-energy electrons 
reflected from the surface of said substrate in order to select most or all of said 
reflected low-energy electrons, or a portion of said reflected low-energy 
electrons, and to reject most or all of said secondary electrons, 

d) focusing said reflected low-energy electrons to create an image of said substrate 
in the plane of a detector, and 

e) detecting said reflected low-energy electrons, thereby imaging a portion of said 
substrate. 

67. The method of Claim 66, wherein said filtering is achieved by selecting said 
reflected low-energy electrons, or a portion of said reflected low-energy electrons, 
based on their angular distribution from the surface of said substrate. 

68. The method of Claim 58 wherein said filtering rejects most or all of said reflected 
low-energy electrons which are reflected at or near the specular angle and selects 
most or all of said reflected low-energy electrons which are scattered away from the 
specular angle. 

69. A method of imaging a substrate, comprising: 

a) exposing said substrate to an influx of relatively high-energy electrons, said 
high-energy electrons having an energy selected to cause secondary electrons to 
leave said substrate, 

2^ b) exposing said substrate to an influx of relatively low-energy electrons, said 

h 4 electrons having both an energy and a current density profile selected to 

maintain surface charge present on said substrate at a predetermined level, 

c) filtering said secondary electrons and the portion of said relatively low-energy 
electrons which are reflected from the surface of said substrate, in order to 
select most or all of said secondary electrons which are emitted at angles other 
than perpendicular to the substrate and most or all of said reflected electrons 
which are scattered away from the specular angle, and to reject most or all of 
said secondary electrons which are emitted at an angle perpendicular to the 
substrate and most or all of said reflected electrons which are scattered at the 
specular angle, 

d) focusing said selected secondary electrons and said selected reflected electrons 
to create an image of said substrate in the plane of a detector, 
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